NF-κB plays a crucial role in regulating various biological processes including innate and adaptive immunity, inflammation, stress responses, B-cell development, and lymphoid organogenesis. Currently, several assays like electrophoretic mobility shift assay (EMSA), enzyme-linked immunosorbent assay (ELISA), fluorescence resonance energy transfer (FRET) and time-resolved fluorescence resonance energy transfer (TR-FRET) are widely used for studying the NFκB intraction with β-IFN-κB binding oligo. Each of these techniques has varying utility with distinct strengths and weaknesses. We describe a method AlphaLISA to identify NFκB p50 protein and β-IFN-κB binding oligo sequence and interaction is efficient at a given concentration (10 nM) in the EMSA and Biacore's SPR assays. The method has many advantages such as use of small volume, high throughput (HTP), convenience of sample preparation and data analysis.
Introduction
Protein-DNA interactions control the defining hallmarks of all cellular processes and functions like DNA transcription, packaging, replication and repair [1] . These interactions can be studied using the classical steadystate and time-resolved methods to understand the conformational changes and enzymatic reactions for a given Protein-DNA complex [2] . In this study we have taken the case of NF-κB.
NF-κB is a sequence specific transcriptional factor made up of different protein dimers that binds to a common sequence motif known as the κB site. NF-κB plays a key role in regulating a broad range of biological processes including innate and adaptive immunity, inflammation, stress responses, cell proliferation, apoptosis, migration, and lymphoid organogenesis. Disregulation of NF-κB has been linked to inflammatory disorders, cancer, autoimmune diseases and metabolic diseases [3] [4] [5] [6] . Primarily regulation of gene expression occurs at the level of transcription [7] . IκB, the inhibitor and central regulator of NFκB which prevents nuclear import of NFκB and disrupts the NFκB-DNA complexes in the nucleus and retain NFκB in cytoplasm. Proteasomal degradation of IκB leads to the transport of NFκB into nucleaus where it binds to DNA sites in its target promoters and regulate transcription [8] .
Currently, assays like electrophoretic mobility shift assay (EMSA), enzyme-linked immunosorbent assay (ELISA), fluorescence resonance energy transfer (FRET) and time-resolved fluorescence resonance energy transfer (TR-FRET) are widely used for studying DNA-protein interactions. Each of these techniques has varying utility with distinct strengths and weaknesses. For example, EMSA is less informative in terms of protein-DNA interaction dynamics and protein identity [9] . ELISA is another broadly used method that provides high sensitivity, but needs cumbersome wash steps for antibody adsorption owing to its larger well surface area. The drawbacks of ELISA include high cost, labour-intensive and low dynamic range [10] . TR-FRET and FRET assays have a proximity detection limit of within 2 nm distance [11] . Biacore Surface Plasmon Resonance (SPR) cannot be used for high throughput (HTP) screening owing to the need for multiple runs. The notable drawbacks of this system are background resonance and limited range of K on and K off values [12] . Despite the above limitations, many laboratories still employ these assays to study DNA-protein interactions. Alpha (amplified luminescent proximity homogeneous assay) technology is combined with ELISA to create AlphaLISA-a generalised, yet simple and homogenous bead-based assay used to study biomolecular interactions in a highthroughput micro plate format [13] and its well established protocols are being utilized to study protein-protein and protein-ligand interactions. Although, AlphaLISA assay is not a wellestablished as the methods mentioned earlier, it is specifically designed to eliminate some of the drawbacks of other conventional methods. AlphaLISA assays are less cumbersome owing to the shorter incubation times, use of significantly lower sample volume (usually 5 -20 µl) and miniaturization. The assay offers flexibility to use 96, 384, or 1536 well plates as needed. These are the key factors that reduce the cost of screening while increasing the throughput. AlphaLISA assays are versatile and can act as an efficient method to identify the weak interactions [13] [14] [15] . In addition to providing high-quality data and NF-κB p50 protein and β-IFN-κB binding sequence oligo interaction robust performances, the assays are simple to set up and quick to optimize. The beads are coated with a layer of hydrogel providing functional groups forbio-conjugation. For example, streptavidincoated donor beads capture a biotinylated antibody whereas the acceptor beads are conjugated with a secondary antibody that recognizes different epitopes of the analyte [14] . Various types of donor/acceptor beads are available, thus providing flexibility in selection of beads to study ligand-analyte binding interaction.
Materials and Methods
This study was designed to establish a defined protocol for identifying the NFκB p50 protein and β-IFN-κB binding oligo sequence interaction in a HTP fashion using AlphaLISA technique. We have demonstrated the AlphaLISA protocol to study NFκB p50 protein binding to a biotinylated homodimeric p50 binding DNA motif (β-IFN-κB) (5'-TGGGAATTCCC-3') (Supplementary Figure S1 ). This biomolecular interaction system was chosen based on previous reports that NFκB p50 protein and β-IFN-κB DNA binds efficiently at a given concentration in the EMSA and Biacore's SPR assays [2, [16] [17] [18] [19] . In our study, the dynamic range for NFκB p50 protein and β-IFN-κB binding assay was determined by preparing dilution series ranging from 0.1 nM to 100 nM concentration of both protein and oligo. Streptavidin-coated donor beads were used since the DNA motif was biotinylated and anti-GST conjugated acceptor beads for our GST tagged protein [14] (Supplementary Figure S1) . 
Results and Discussion
The data were generated using EnSpire TM Alphaplus multilabel plate reader (PerkinElmer, USA). The binding of NF-κB p50 protein and β-IFN-κB binding sequence oligo was detected from the signal obtained from the multiplate reader plotted against the DNA concentration (Figures 1(a) and (b) ). The assay was performed in a 96 half-well format with varying range of DNA (oligo) and protein concentrations of 0.3 nM to 10 nM (Supplementary material) to determine the optimum concentration for saturation of the functional sites on both beads. The saturation curve of the chemiluminescence vs. DNA concentration showed an increase in rate of association with increasing concentration of both oligo and protein (Figure 1(a) ) with highest intensity of signal observed at the highest concentration (10 nM) of protein and oligo used. Further, 384-well microplate was employed to down size the volume and increase the throughput, as well as validate the results of 96-well format and determine the hooking point. At the hook point, the association and the dissociation of the target molecule with either donor or acceptor beads is equal, hence a maximum signal is detected (Figure 1(b) ). The amount of beads (~1015) used is significantly less than the amount of protein/DNA used and also in the right ratio so that all the protein and DNA are bound to the beads and no free protein/DNA is present in solution. This happens only when the protein/ DNA is below 10 nM concentrations and at any concentration above this, we observed significant decrease in signal because the free protein/DNA that remains in solution binds to their respective bead bound partners, causing loss of signal (acceptor and donor beads are not brought together) and hence causing the hook effect. The saturation curve showed a gradual decline in signal counts after 10 nM of concentration. Hence, the binding for NF-κB p50 protein and β-IFN-κB binding sequence oligo occurs below 10 nM. The "hook effect" is common in ELISA assay that refers to measured levels of antigen displaying a significantly lower absorbance than the actual level present in a sample [20] . To determine the binding equilibrium for NF-κB p50 protein and β-IFN-κB binding sequence oligo interaction, varying concentrations of oligo ranging from 0.1 nM to 100 nM and 10 nm to 60 nM of NF-κB p50 protein were titrated (Supplementary Figure S4 ). The results of 96 wells (Figure 1(a) ) and 384 wells (Figure 1(b) ) plate formats were the same (hook point at 10 nM) and the saturation curves were homologous to the previously reported data [2, [15] [16] [17] [18] thus, validating our methodology. Also the reproducibility of this assay was demonstrated by performing the assay in triplicates for each of the concentrations. The binding is measured below this hooking point and the saturation curve can be observed as a function of binding. Thus, we have described a methodology comprising of protocols used in a HTP fashion which can speed up the NF-κB protein interaction with DNA studies. It will help in better understanding of the mechanisms of NF-kB signaling pathwa y and the physiological functions of activated NF-kB. 
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